Background: Although treatment with imatinib in advanced gastrointestinal stromal tumor (GIST) patients has led to significant clinical benefits, the disease will
INTRODUCTION
Gastrointestinal stromal tumors (GISTs) account for 0.1-0.3% of gastrointestinal malignant neoplasms and are found mainly in the mesenchyme of the gastrointestinal tract [1] . They can occur at any age and have a patient median age of 60-65 years, typically causing bleeding, anemia, and abdominal pain. Approximately 50-60% of GISTs occur in the stomach, followed by the small bowel (20-30%) , and less frequently the colon and rectum (5%) and esophagus (< 1%) [2] . About 15% of GIST patients are diagnosed with metastatic disease [3] . Treatment of advanced GIST patients with imatinib has led to significant clinical benefits not only in prolonging the median progression-free survival (PFS) but also in extending overall survival (OS) [4, 5, 6] . Nonetheless, the disease eventually progresses due to imatinib resistance. Major mechanisms proposed to cause acquired imatinib resistance include mutations in the mechanisms proposed to cause acquired imatinib resistance include mutations in the KIT or platelet-derived growth factor receptor-alpha (PDGFRA) genes, KIT or PDGFRA gene amplification, and activation of alternative pathways [7] .
About 85-95% of GISTs have been identified to harbor gain-of-function mutations in the KIT gene, with 85% of these mutations occurring in exon 11 and 15% in exon 9. Another activating mutation occurs in the PDGFRA gene, mainly affecting exon 18 [8, 9] . The severity of GISTs is determined by their primary location, tumor size, and mitosis count from histological examinations [10] . There was no effective medicine treatment for GISTs before 2001 [4] .
Treatment options for advanced GIST after failure of first-line imatinib treatment include imatinib dose escalation or shifting to sunitinib. Other local ablative therapies involve surgical resection, radiofrequency ablation, trans-arterial chemoembolization, and radiotherapy. Demetri et al. suggested in a randomized controlled trial that advanced GIST patients with failure of imatinib or intolerance to imatinib treatment should switch to sunitinib [11] . Chen et al. also supported the same treatment strategies in those situations [12] . Recently, Vincenzi et al. indicated that a second-line treatment with sunitinib was associated with an improvement median time to progression in KIT exon 11 mutated patients progressing from imatinib 400 mg/day [13] . In contrast, two phase III studies have shown that imatinib dose escalation is an alternative in treating advanced GIST patients [14, 15] . A European Organization for Research and Treatment of Cancer study demonstrated that the partial response and stable disease rates were 2% and 27%, respectively, after imatinib dose escalation to 800 mg/day [14] . Another trial also reported similar results with a partial response rate of 7% and a stable disease rate of 32% following imatinib dose escalation to 800 mg/day [15] . Furthermore, Hsu et al. suggested that comparable results were achieved with imatinib dose escalation or sunitinib treatment after failure of first-line imatinib in advanced GIST patients [16] . In addition, a meta-analysis of 1,640 patients with advanced GIST demonstrated that patients with KIT exon 9 mutations who were treated with high-dose imatinib exhibited significantly longer PFS and higher objective response rates than treated with standard dose [17] . Since previous studies recruited very few advanced GIST patients treated with imatinib dose escalation or sunitinib and there are no randomized controlled trials testing the effectiveness of the two different treatment strategies, we conducted a nationwide population-based study in Taiwan to compare the therapeutic effects on advanced GIST patients treated with imatinib dose escalation or a direct shift to sunitinib. We also explored the impact of surgery on survival in advanced GIST patients with failure of firstline imatinib treatment. Table 1 shows the demographics of the three treatment groups. Patient age was significantly higher in group 3 compared with groups 1 and 2 (p < 0.0001). The largest percentages of Charlson comorbidity index (> 3) were noted in group 3 (p = 0.0297). Group 2 had a greater proportion of patients undergoing surgery than the other two groups (p < 0.0001). There was no significant difference in sex or place of residence among groups. As shown in Figure 1 , groups 1 and 2 had significantly longer OS than group 3 (median, 37.5 months versus 16.0 months; p < 0.0001). Table 2 demonstrates that patients in groups 1 and 2 had a statistically significant better prognosis than those in group 3 as calculated by models adjusting for confounding factors including age, sex, and operation or age, sex, Charlson comorbidity index score, and operation. Favorable OS was noted for group 2 patients compared to group 3 patients (Figure 2 ; median = 42.6 months versus 16.0 months, respectively; p < 0.0001). However, after adjusting for confounding factors in different models, groups 2 and 3 patients had comparable outcomes (Table 2 ). Figure 3 shows that patients in groups 1, 2, and 3 treated with surgery had a trend towards longer OS as compared with those without (median, 42.6 months versus 27.4 months; p = 0.0627). Group 2 and 3 patients undergoing surgical treatment had a significantly more favorable prognosis than those not treated with surgery ( Figure 4 ; median = 45.5 months versus 23.5 months; p = 0.0079). The benefit of surgery on OS disappeared after adjusting for confounding factors (Table 3) .
RESULTS

DISCUSSION
To the best of our knowledge, this large-scale nationwide population-based cohort study is the first to demonstrate that for advanced GIST patients who fail www.impactjournals.com/oncotarget first-line imatinib treatment, imatinib dose escalation is associated with longer OS as compared with a direct shift to sunitinib, and that surgery does not provide survival benefits.
Currently, high-risk GIST patients or those patients faced with disease progression receive imatinib 400 mg/day as a standard adjuvant therapy or first-line therapy [6] . However, the second-line therapy in failure of imatinib treatment is still a matter of debate. There is little data and the studies that have been performed were not randomized and, therefore, are less trustworthy. Vincenzi et al. demonstrated that second-line therapy with sunitinib was associated with longer time to progression as compared with imatinib dose escalation in patients with exon 11 mutation (median = 10 months versus 5 months; p < 0.012). However, the OS did not differ between the Abbreviations: cDDD, cumulative defined daily dose.
two groups (median = 58 months versus 62 months; p = 0.883) [13] . Hsu et al. showed that imatinib dose escalation had similar PFS (median = 7.4 months versus 9.9 months; p < 0.316) and OS (median = 30.0 months versus 35.5 months; p < 0.599) as compared with a direct shift to sunitinib in treating advanced GIST patients who failed first-line imatinib [16] . In a subgroup analysis of patients without exon 9 mutation, sunitinib had significantly better PFS than imatinib dose escalation (median = 14.3 months versus 6.2 months; p < 0.037) but the OS was comparable between the two treatment groups [16] . Furthermore, Hislop et al. conducted a systemic review of evidence on the effectiveness of imatinib dose escalation or sunitinib for treatment of advanced GIST following progression with imatinib 400 mg/day [18] . They recommended imatinib dose escalation for advanced GIST after progression at standard 400 mg/day imatinib treatment, consistent with the treatment guidance proposed by others [19] [20] [21] . Our current study of 521 advanced GIST patients with failure of firstline imatinib treatment treated with imatinib dose escalation or a direct shift to sunitinib represents the largest published series worldwide, and indicates that imatinib dose escalation had significantly longer OS than a direct switch to sunitinib (median = 37.5 months versus 16.0 months; p < 0.0001). Nonetheless, a well-designed randomized study is required to help guide treatment strategies. Recurrent, metastatic, and locally advanced GISTs can be treated successfully with imatinib [6, 17] . Although no randomized phase III trial has been performed to answer the question about its benefit, surgery for residual disease has been suggested in non-refractory metastatic GISTs to reduce the probability of resistant recurrent clones [22] . In this regard, Park et al. has shown that surgery prolongs PFS and OS as compared with nonsurgery for recurrent or metastatic GIST patients who achieved a partial response or stable disease for more than 6 months with imatinib treatment [23] . Yeh et al. indicated that surgery may benefit select GIST patients with partial response, stable disease or local progression under imatinib treatment, especially for patients with local progression [24] . They also suggested that surgery may prevent the potential development of secondary mutations in select patients who responded to imatinib, as evidenced by the fact that secondary mutations were identified more frequently in GIST patients with local progression after surgery than those who responded [24] . Furthermore, Hsu et al. have shown that in comparison to non-surgery, surgery significantly prolonged PFS in patients with exon 9 mutation treated with imatinib dose escalation [16] . Interestingly, our present study indicated that surgery seems to prolong patient survival in groups 2 and 3. However, after adjusting for confounding variables, the beneficial effects of surgery were not evident. These findings suggest that surgery might benefit highly select patients who are good surgical candidates with favorable general performance status and less comorbidity. To answer whether surgical intervention may confer survival advantages in all advanced GIST patients who failed first-line imatinib treatment, a randomized controlled trial is needed. Our previous study indicated that the most common adverse events were hematological in advanced GIST patients treated with imatinib dose escalation or sunitinib [16] . More than 60% of patients in both groups had anemia of any grade. Patients treated with sunitinib experienced higher percentages of leukopenia (60.7%), neutropenia (57.1%), and thrombocytopenia (57.1%) of any grade as compared to patients treated with imatinib dose escalation (27.0%, 27.0%, 17.5%, respectively). The most common non-hematological adverse events of any grade in patients treated with imatinib dose escalation were edema (23.8%) and bleeding (22.2%), while patients treated with sunitinib had diarrhea (50.0%), hand-foot syndrome (50.0%) and hypertension (50.0%). Nonetheless, most non-hematological adverse events were mild and manageable, with the most common grade 3 or 4 adverse event being hand-foot syndrome in 25% of patients treated with sunitinib. When determining treatment for GIST patients who no longer respond to first-line imatinib treatment, the side effects of secondline therapy including high-dose imatinib (> 400 mg/day) or sunitinib should be considered.
Although our present study suggests that patients treated with imatinib dose escalation had better OS compared with those switched directly to sunitinib, and that surgery did not provide survival advantages after failure of first-line imatinib treatment, there are several concerns and limitations inherent to this study. First, this is a retrospective study where patient selection could not be randomized. Second, there is lack of genetic information acquired in the nationwide database. Third, disease reprogression after second-line treatment could not be precisely evaluated based on the nationwide database without imaging data. Lastly, patients undergoing surgical interventions are affected by a selection bias including the physician's judgment, patient's general performance, concomitant diseases, and tumor-related complications. However, the strength of our current study is that its largescale sample size covered a nationwide database whose statistical power is generally strong.
In conclusion, for advanced GIST patients who failed first-line imatinib treatment, imatinib dose escalation confers significantly longer OS as compared with a direct switch to sunitinib, and surgery does not provide survival benefits. A prospective randomized controlled study is recommended for validating the treatment strategy for advanced GIST patients with failure of first-line imatinib treatment.
MATERIALS AND METHODS
We conducted a nationwide population-based cohort study using data from the Taiwan National Health Insurance Research Database (NHIRD). The NHIRD comprises healthcare data of 99.9% of the Taiwanese population, which includes sex, date of birth, place of residence, comorbidity, use of medications, managements, and diagnostic codes based on the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). The study protocol was approved by the Institutional Review Board of Chang Gung Memorial Hospital (104-6943B). The flowchart of GIST patients recruited is shown in Figure 5 . Patients diagnosed with chronic myelogenous leukemia, GIST patients with stable disease (imatinib use < 400 mg/ day), a treatment strategy other than imatinib (< 400 mg/day) then imatinib dose escalation (> 400 mg/day) or shift to sunitinib, and patients treated with imatinib escalation for less than 2 months were excluded in this study. Five hundred and twenty-one GIST patients facing disease progression and treated with imatinib dose escalation (> 400 mg/day) or a shift to sunitinib were enrolled in the study from July 2004 to December 2010 ( Figure 5 ). Patients were stratified into 3 groups according to the treatment strategies: group 1, imatinib < 400 mg/day followed by imatinib dose escalation; group 2, imatinib <400 mg/day followed by imatinib dose escalation then a shift to sunitinib; group 3, imatinib <400 mg/day followed by a direct shift to sunitinib. In Taiwan, imatinib is approved and has been available for the treatment of unresectable or metastatic GIST since July 2004. Sunitinib is indicated for GIST patients with failure or intolerance to first-line imatinib treatment and has been available since February 2009. No patients received neoadjuvant or adjuvant imatinib therapy in this study (imatinib has been approved as an adjuvant since February 2011 in Taiwan). Some patients underwent debulking or salvage resections during treatment due to disease progression or tumor-related complications. The therapeutic effects of imatinib dose escalation or a direct shift to sunitinib on GIST patients and the impact of surgery on patient outcome after failure of imatinib treatment were evaluated by OS. The survival duration was calculated from the time of failure to first-line imatinib treatment (< 400 mg/day) to the last date of follow-up (December 2013) or death.
In order to track imatinib or sunitinib use, we collected data on prescriptions given and number of days supplied. The defined daily dose (DDD) was then utilized to calculate a prescribed amount of imatinib or sunitinib [25] . The DDD is the assumed average maintenance daily dose for the drug used. A cumulative DDD, which indicates both dosage and duration of drug exposure, was estimated as the total amount of prescribed imatinib or sunitinib. 
